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Several lines of evidence indicate that the monocytes of subjects with localized juvenile periodontitis (LJP)
are functionally distinct from cells of age- and race-matched nonperiodontitis (NP) subjects. Among the
abnormalities are the propensity to secrete large amounts of prostaglandin E, and the induction of immuno-
globulin G2 (IgG2) antibodies. The experiments described here were performed to further characterize the LJP
monocytes and to determine if these cells mature differently than NP monocytes. When adherent monocytes
from LJP subjects were cultured in the presence of human serum, both macrophages and cells with the
morphology of immature monocyte-derived dendritic cells (MDDC) were observed. Within 4 days the preva-
lence of the immature MDDC was approximately twofold higher in LJP cultures than in NP cultures. In
addition to their dendritic morphology, these cells were CD11c* and CD14~ or CD14'" and stimulated potent
autologous mixed leukocyte reactions, consistent with differentiation to the MDDC phenotype. Like LJP
monocytes, cultures of MDDC generated with interleukin-4 and granulocyte-macrophage colony-stimulating
factor selectively induced IgG2 in cultures of pokeweed mitogen-stimulated NP leukocytes. Together, these data
suggest that the monocytes of LJP subjects have a propensity to differentiate into MDDC and that this
differentiation may be related to the high levels of IgG2 that are observed in the sera of LJP subjects. As high
levels of circulating IgG2 are correlated with less severe disease, the propensity of LJP monocytes to differ-
entiate into MDDC may have important implications for both the host response against oral pathogens and the

progression of LJP.

Localized juvenile periodontitis (LJP) is a form of early-
onset periodontitis that tends to run in families. Several oral
pathogens have been linked to the etiology of the disease,
including Actinobacillus actinomycetemcomitans and Porphy-
romonas gingivalis (4, 22, 36, 37). However, mounting evidence
suggests that alterations in the host response may contribute to
the pathogenesis of LJP. Several studies have highlighted ab-
normalities in the myeloid compartment of LJP subjects. For
example, LIJP neutrophils exhibit reduced chemotactic and cal-
cium responses (7, 10) and have altered diacylglycerol metab-
olism (32) compared to cells from nonperiodontitis (NP) indi-
viduals. The peripheral blood of LJP subjects contains
abnormally large numbers of immature granulocytes, which
express low levels of CD16 (25). It also appears that the mono-
cytes of LJP subjects are somewhat abnormal, as these cells
produce abnormally large amounts of prostaglandin E,
(PGE,) in response to stimulation with lipopolysaccharide (26,
30). Our group has been particularly intrigued by the unique
relationship that appears to exist between LJP monocytes and
antibody production.

LJP patients exhibit elevated levels of circulating immu-
noglobulin G2 (IgG2) compared to age- and race-matched
NP subjects (23). In contrast, the levels of other isotypes of
IgG are similar in NP and LJP subjects. Much of the anti-
body response against the oral pathogens associated with
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the disease is 1gG2 (4, 22, 35). It is likely that this antibody
is protective, as IgG2 titers are positively correlated with
reduced severity of disease (2). In a recent study, we re-
ported that monocytes control IgG2 production in LJP sub-
jects (18, 38). When LJP monocytes are cultured with
pokeweed mitogen (PWM)-stimulated T and B cells from
NP individuals, a dose-dependent increase in IgG2 produc-
tion is observed. In contrast, increasing the number of
monocytes from NP subjects does not affect the production
of IgG2. These data are consistent with other reports of
abnormalities in the myeloid cells of LJP subjects (11, 17,
30, 31) and suggest that the high levels of IgG2 that are
observed in LJP patients may be attributed to the mono-
cytes.

The remarkable ability of LJP monocytes to selectively pro-
mote IgG2 production prompted the hypothesis that LJP and
NP monocytes mature differently. Peripheral blood monocytes
are precursors of a variety of mature cells, including distinct
populations of splenic, lung, and liver macrophages, as well as
a potent population of antigen-presenting cells known as den-
dritic cells. Our data indicate that during culture the adherent
monocytes of LJP and NP subjects mature into both macro-
phages and monocyte-derived dendritic cells (MDDC). How-
ever, by 4 days of culture the percentage of MDDC that
emerge from LJP monocytes is more than double the percent-
age of MDDC that emerge from NP monocytes. Furthermore,
like LJP monocytes, small numbers of interleukin-4 (IL-4)- and
granulocyte-macrophage colony-stimulating factor (GM-CSF)-
generated MDDC from NP subjects selectively promote 1gG2
production. Thus, it appears likely that the increased levels of
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IgG2 in LJP patients may be attributable to increased numbers
of MDDC.

MATERIALS AND METHODS

Materials. Human AB serum was obtained from Biowhittaker (Walkersville,
Md.). Recombinant IL-4 and GM-CSF were obtained from R&D Systems (Min-
neapolis, Minn.). Fluorescently coupled antibodies against CD11c, CD3, CDS,
CD19, and CD14 were obtained from BD-Pharmingen (San Diego, Calif.).
Magnetic bead-coupled anti-CD19, anti-CD8, and anti-CD14 were obtained
from Miltenyi Biotec (Auburn, Calif.). PWM was obtained from Invitrogen
(Rockville, Md.).

Human subjects. Human studies were performed in compliance with all rel-
evant federal guidelines and the institutional policies of Virginia Commonwealth
University. Subjects for study were obtained by the Clinical Research Center for
Periodontal Disease, School of Dentistry, Virginia Commonwealth University,
Richmond, Va. Patients with LJP were 35 years old or less and had localized
patterns of severe periodontal destruction limited to the first molar or incisor
teeth and up to two additional teeth. The NP control subjects were age and race
matched and had no evidence of attachment loss, except for recession on the
buccal surface of anterior teeth at no more than one site and no pocket greater
than 3 mm. Different LJP and NP subjects were used to replicate data within an
experimental group. In some cases, subjects were rescreened to assess the sta-
bility of the phenotypes that were observed.

Lymphocyte separation. Peripheral blood mononuclear cells (peripheral blood
leukocytes [PBL]) were obtained from heparinized blood of LJP or NP subjects
by density centrifugation using lymphocyte separation medium (Organon
Teknika Corporation, Durham, N.C.). The blood cells were centrifuged at 400 X
g for 20 min, and the PBL were collected from the interface and washed three
times in Hanks’ balanced salt solution. After washing, the PBL were suspended
in RPMI 1640 supplemented with serum and antibiotics.

Adherent monocyte cultures. Adherent monocytes were prepared by culturing
PBL in RPMI 1640 containing 10% human AB serum (human serum medium)
in six-well culture plates (diameter, 35 mm; Costar) for 1 h. The cell monolayers
were washed to remove nonadherent cells and then cultured in fresh human
serum medium as indicated below.

MDDC cultures. Immature MDDC were generated as described previously
(27). Briefly, adherent monocytes were cultured in 10% fetal calf serum contain-
ing 500 U of recombinant human IL-4 per ml and 800 U of recombinant human
GM-CSF per ml for 5 days.

Antibody production. PBL were depleted of monocytes by adherence to tissue
culture wells. The nonadherent cells (T and B cells) were suspended in medium
containing 10% dimethyl sulfoxide and 50% fetal calf serum and frozen until
they were used. The cells were thawed by using a special medium and methods
that have been described previously (13). Under these conditions, the cell via-
bility is at least 90% for PWM-stimulated cells, and the number of PFU is the
same as the number of PFU for fresh lymphocytes. The adherent monocytes
were cultured in the presence of IL-4 and GM-CSF to generate MDDC. After 7
days of culture, the adherent cells were harvested and added to thawed T and B
cells from the same subject for antibody production assays. A total of 10° T and
B cells were resuspended in RPMI 1640 (Mediatech, Herndon, Va.) supple-
mented with 10% heat-inactivated fetal bovine serum (HyClone, Logan, Utah),
2 mM glutamine, 100 U of penicillin per ml, and 100 mg of streptomycin sulfate
(Sigma, St. Louis, Mo.) per ml and cultured in 75-mm tubes (1 ml/tube; Falcon,
Lincoln Park, N.J.) at 37°C in a humidified atmosphere containing 5% CO,. Nine
microliters of PWM was added to each cell culture to induce antibody produc-
tion. Cultures contained 200 MDDC, 2,000 MDDC, or no MDDC from the same
subject. The cultures were incubated for 7 days, and then supernatant fluids were
collected and assayed for IgG2 or IgG1 as outlined below.

MLR. Adherent monocytes from NP and LJP subjects were used as antigen-
presenting cells in autologous and allogeneic mixed leukocyte reactions (MLRs).
The adherent cells were cultured in human serum medium for 6 days and then
subjected to 3,000 rads of irradiation. The responder cells were CD4* T cells
isolated from the peripheral blood of the same subject (autologous MLR) or an
NP subject (allogeneic MLR). All allogeneic MLRs were performed with T cells
from the same NP subject. CD4™ T cells were isolated by negative selection with
magnetic beads as previously described (38). In these experiments, CD14™" cells,
CD19* cells, and CD8" cells were depleted from the nonadherent fraction of
PBL. The purity of CD4"% T-cell preparations was verified by fluorescence-
activated cell sorter analyses. The T cells were cultured with antigen-presenting
cells in human serum medium for 3 days, and then the cultures were pulsed with
1 wCi of [*H]thymidine per ml for 16 h. Cells were harvested onto Unifilter GF/C
microtiter plates (Packard), and the incorporated radiolabel was quantified with
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a TopCount scintillation counter. A considerable degree of variability was ob-
served among the NP and LJP subjects studied in both the autologous and
allogeneic MLRs. Hence, the autologous MLR data are presented as percent-
ages of the allogeneic MLR data. As the value approaches 100%, the autologous
MLR becomes more robust, indicating the presence of more potent antigen-
presenting cells (dendritic cells) in the cultures.

Phenotypic analyses of LJP and NP monocytes. Adherent monocytes were
cultured in human serum medium for 4 days. For fluorescence-activated cell
sorter analysis, adherent monocytes were incubated for 10 min with 10 pg of
mouse IgG (Jackson Laboratories) per ml in 0.5% bovine serum albumin (BSA)-
phosphate-buffered saline (PBS) to block Fc receptors and then incubated for 30
min with murine anti-human phycoerythrin-labeled anti-CD11c (5 pg/ml), fluo-
rescein isothiocyanate-labeled anti-CD14 (5 wg/ml), or phycoerythrin-labeled or
fluorescein isothiocyanate-labeled murine isotype-matched controls (5 pg/ml).
Samples were analyzed by flow cytometry by using a FACScan (Becton Dickin-
son) and the Cell Quest Pro software package. The data are presented below as
the percentage of cells with the MDDC phenotype (CD14~ CD11c™ cells). For
immunocytochemistry experiments, adherent monocytes were cultured in eight-
well chamber slides (Costar). Nonspecific binding was blocked with 0.5% BSA-
PBS, and then the cells were incubated with 5 pg of murine anti-CD11c per ml,
with 5 pg of anti-CD14 (BD-Pharmingen) per ml, or with 5 pg of murine
isotype-matched controls per ml for 30 min at 41°C (there was no blocking
antibody in these experiments). After washing, the cells were incubated with 2 pug
of Fab,’ goat anti-mouse IgG per ml coupled to Alexa-488 (Molecular Probes)
for 30 min at 41°C. Samples were washed and then fixed in 1% paraformaldehyde
in PBS and stored in 5% N-propyl-gallate (Sigma) to prevent quenching. The
fluorescent signals were minimal for samples incubated with isotype-matched
control antibodies (data not shown). The fluorescent signals were visualized with
an Olympus Fastscan 2000 12-bit digital camera mounted on an Olympus IX70
fluorescent microscope (Olympus America, Melville, N.Y.). Images were com-
piled with Photoshop 5.5 (Adobe Systems).

IgG assays. IgG levels in supernatant fluids were determined by a sandwich
enzyme-linked immunosorbent assay as described previously (38). Briefly, Fc-
specific goat anti-mouse antibody (10 wl/ml; ICN, Aurora, Ohio) was placed in a
carbonate buffer (pH 9.6) and used to coat microtiter plates (Dynex, Chantilly,
Va.). Mouse anti-human IgG1 and IgG2 monoclonal antibodies (1 wg/ml) (IgG1,
clone HP6001; IgG2, clone HP6002; both obtained from Sigma) were then added
to the plates to serve as capture antibodies. The plates were incubated overnight
at 4°C, and this was followed by a 1-h application of BSA-PBS to minimize
nonspecific binding at room temperature. A known standard for human IgG1
and IgG2 antibodies and a control (pooled human sera) (The Binding Site, San
Diego, Calif.) and the culture supernatant fluids were applied to different wells
in plates and incubated for 1 h at room temperature. Horseradish peroxidase-
conjugated goat anti-human immunoglobulin (Sigma) was added, and the plates
were incubated for 1 h at room temperature. The plates were washed three times
with PBS containing 0.05% Tween 20 between steps. The color was developed by
using O-phenylenediamine dihydrochloride (Sigma) as the substrate. Optical
density at 450 nm was measured with a micro plate reader (Dynex). The IgG
concentration in each test sample was calculated by using the standard curve
generated in each assay.

Statistical analyses. All experiments were replicated with at least four differ-
ent NP or LJP subjects. Each experimental analysis was performed in triplicate,
and the mean and standard deviation for each set of replicates were determined.
In most cases, statistical significance was determined by unpaired ¢ tests, with P
< 0.05 as the cutoff for significance. Data from the MLR experiments were
analyzed by using repeated-measures analysis of variance of the log response.
The results were then back-transformed to the original units for display.

RESULTS

NP and LJP monocytes have distinct morphologies. Leuko-
cytes were prepared from the heparinized peripheral blood of
LJP and NP subjects, and the adherent cells were cultured in
medium containing human serum for up to 7 days. When the
cultures were initiated, both NP and LIJP cells exhibited mono-
cyte morphology (data not shown). Within 4 days, most of the
cells in the NP cultures had acquired the morphology of ma-
ture macrophages (Fig. 1A). The LJP cultures also contained
such cells, but a cell type with a distinct morphology was ob-
served in addition to the macrophages (Fig. 1B). The fre-
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FIG. 1. Morphologies of adherent monocytes from NP and LJP
subjects. Adherent monocytes from an NP subject (A) and an LJP
subject (B) were cultured in human serum-containing medium for 4
days. Photomicrographs of the cultures are shown. NP cultures con-
tained primarily macrophages (Md), while LJP cultures contained
both macrophages and immature MDDC (DC). For comparison, a
photomicrograph of MDDC (generated with IL-4 and GM-CSF) is
shown in panel C (MDDC are indicated by arrows). The results of a
representative experiment are shown (n = 5).

quency of these cells in LJP cultures was approximately twice
that in NP cultures (Fig. 2). Upon close inspection, the mor-
phology of the adherent monocytes in LJP cultures was remi-
niscent of the morphology of very immature MDDC, which
exhibit an almost fibroblastoid appearance (28). Indeed, when
adherent monocytes from an NP subject were treated with IL-4
and GM-CSF to induce differentiation to the MDDC pheno-
type, the same cell morphology was observed early in the
cultures (Fig. 1C). Together, these data suggested that LJP
monocytes might be predisposed to differentiate into MDDC.
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FIG. 2. Quantification of morphologically distinct MDDC-like cells
in LJP and NP cultures. Adherent monocytes from NP and LJP pe-
ripheral blood were cultured in human serum-containing medium for
4 days. The cultures were scored for the percentage of cells with the
distinct morphology that arose in cultures of LJP monocytes. The data
include data from four NP and four LJP subjects and are means *
standard errors. The percentage of MDDC was significantly higher in
LJP cultures (P < 0.01, unpaired ¢ test). DC, dendritic cell.

The experiments described below were designed to test this
hypothesis.

LJP adherent monocytes express MDDC markers. Imma-
ture MDDC are known to express high levels of CD11c and
low levels of the macrophage marker CD14. Therefore, flow
cytometric and immunohistochemical analyses were per-
formed to characterize the cell surface phenotypes of LJP
monocytes (Fig. 3). The cells with macrophage morphology
expressed both CD14 and CDl1lc, a phenotype that is consis-
tent with macrophages. In contrast, CD14 expression was very
low or absent on the putative immature MDDC that arose in
the LJP cultures. The percentages of CD11c* C14"Y cells in
4-day cultures of NP and LJP adherent monocytes were deter-
mined by flow cytometry. Cultures of adherent monocytes
from five NP and six LJP subjects were examined, and the
percentages of immature MDDC (CD11¢™ CD14~ cells) for
the two groups were 5.0% * 1.9% and 13.0% * 2.9% (mean
+ standard error), respectively; the LIP value is significantly
different from the NP value (P < 0.05, as determined by an
unpaired ¢ test). These data are strikingly similar to the mor-
phological analysis data and indicate that the frequency of
immature MDDC is approximately twofold higher in cultures
of LJP monocytes than in cultures of NP monocytes.

LJP adherent monocytes elicit potent autologous MLR.
Other distinct characteristics of MDDC are their ability to
activate allogeneic T cells and their remarkable ability to elicit
autologous MLRs (5). Therefore, the autologous MLR assay
was used as a functional assay for the presence of MDDC in
cultures of LJP adherent monocytes. Adherent monocytes
were prepared from the peripheral blood of NP and LJP sub-
jects, cultured in human serum for 6 days, and then irradiated.
These antigen-presenting cells were then cultured with alloge-
neic or autologous T cells for 5 additional days, and the incor-
poration of [?H]thymidine was measured to obtain an indica-
tion of T-cell activation. T cells for the allogeneic MLR were
obtained from a single NP subject. The absolute magnitudes of
the autologous and allogeneic MLRs differed considerably
from study subject to study subject. For the NP group, the
allogeneic responses ranged from 6,442 to 113,892 cpm (me-
dian, 41,844 cpm) and the autologous responses ranged from
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552 t0 38,669 cpm (median, 6,141 cpm). For the LJP group, the
allogeneic responses ranged from 18,909 to 39,752 cpm (me-
dian, 32,535 cpm) and the autologous responses ranged from
9,261 to 29,133 cpm (median, 19,106 cpm). However, a striking
difference was apparent when the magnitude of the autologous
MLR was compared to the magnitude of the allogeneic MLR.
In Fig. 4, the autologous MLR data are presented as percent-
ages of the allogeneic MLR data. In LJP subjects, the autolo-
gous MLR was nearly as high as the allogeneic MLR, whereas
the autologous MLR in NP subjects was much lower. The
autologous MLR in LJP subjects was about 60% of the allo-
geneic MLR, whereas the NP autologous response was only
about 13% of the allogeneic response. The increased ability of
LJP monocytes to stimulate the autologous MLR is consistent
with the approximate doubling of the number of MDDC in the
LJP monocyte population (Fig. 2) (see above).

MDDC selectively induce IgG2. Given the well-character-
ized role of MDDC in regulation of the immune response, we
considered the possibility that these cells could induce the high
level of IgG2 production that is observed in cultures of LJP
PBL. To address this possibility, IL-4 and GM-CSF (27) were
used to generate MDDC from the adherent monocytes of NP
subjects. The MDDC were added to NP PBL, the cultures
were stimulated with PWM (a polyclonal activator), and the
levels of IgG1 and IgG2 in the cultures were quantified. An
increase in IgG2 was observed in PBL that were cultured with
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FIG. 3. Phenotypic analysis of immature MDDC. Adherent monocytes from a representative LJP subject were cultured in human serum-
containing medium for 4 days. The cells were screened for expression of CD11c (A) or CD14 (B) as described in Materials and Methods. For
comparison, light micrographs of the cell cultures used for CD11c and CD14 analyses are shown in panels C and D, respectively. Macrophages
(arrowheads) expressed both markers, while immature MDDC (arrows) expressed only CD11c.

MDDC (Fig. 5A). The trend towards increased 1gG2 was ap-
parent with T and B cells cultured with 200 MDDC, and a clear
approximately twofold increase in IgG2 production (1.1 = 0.2
pg/ml for T and B cells alone versus 2.2 * 0.3 pg/ml with
MDDC; P < 0.02) was induced by 2,000 MDDC. In contrast,
addition of MDDC to LJP PBL did not increase the IgG2
response, which is consistent with the higher percentage of
MDDC in LJP monocyte cultures (data not shown). A trend
toward more IgG1 production (Fig. 5B) was also apparent, but
this was attributable to a single individual and the effect did not
reach statistical significance (the means = standard errors for
IgG1 production were 1.7 = 0.3,2.1 = 0.4, and 2.8 = 0.7 pg/ml
for T and B cells alone and T and B cells cultured with 200 and
2,000 MDDC, respectively), suggesting that MDDC have a
selective effect on induction of IgG2. Interestingly, a similar
effect was observed when NP PBL were treated with GM-CSF,
a cytokine that promotes monocyte differentiation into MDDC
(data not shown). These results were consistent with our pre-
vious observation that LJP monocytes selectively enhanced the
production of IgG2 (18, 38) and suggested that this effect could
be attributed to the MDDC in these cultures.

DISCUSSION

Several lines of evidence indicate that the adherent mono-
cytes of LIP subjects exhibit both phenotypic and functional
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FIG. 4. LJP monocytes stimulate potent MLRs. Adherent mono-
cytes from LJP and NP subjects were used as antigen-presenting cells
for autologous or allogeneic T cells. Three LJP and four NP subjects
were studied. All allogeneic T cells were derived from a single NP
donor. The uptake of [?’H]thymidine was measured to obtain an indi-
cation of T-cell activation. The absolute values of the autologous and
allogeneic MLRs varied considerably among the individual subjects.
Therefore, the data were expressed to compare the autologous re-
sponse to the allogeneic response for each individual and are pre-
sented as percentages of the allogeneic responses. The error bars
indicate the 95% confidence intervals.

abnormalities (10, 18, 30, 31, 38). Among these is the produc-
tion of large amounts PGE, in response to lipopolysaccharides
(30). We have recently shown that LJP monocytes also selec-
tively promote the production of the IgG2 subclass of immu-
noglobulins (18, 38) and that this is likely mediated by soluble
factors that are produced by the monocytes. Based on these
observations, we predicted that LJP monocytes would differ-
entiate into a population of cells that selectively promoted the
production of IgG2. The results of this study supported this
hypothesis and indicated that LJP monocytes differentiate not
only into macrophages but also into increased numbers of cells
with the morphological, phenotypic, and functional character-
istics of immature MDDC. Like LJP monocytes, cultures of
IL-4- and GM-CSF-generated MDDC were shown to selec-
tively induce the production of IgG2. Together, these data
indicate that LJP monocytes have the propensity to differen-
tiate into MDDC and that this is related to the high levels of
IgG2 that are produced by LJP subjects.

Immediately ex vivo, the adherent monocytes of LJP and NP
subjects exhibited similar morphologies. However, after 4 to 5
days of culture in 10% human serum, the frequency of cells
with MDDC morphology was approximately twofold higher in
LJP cultures than in NP cultures. At present, it is not certain
when the LJP monocytes commit to differentiating into
MDDC. We anticipate that this commitment occurs in vivo
and may be related to the genetic predisposition to develop
LJP (15, 24, 29). To begin to address this possibility, we quan-
tified the levels of MDDC precursors in NP and LJP peripheral
blood. Our preliminary data indicate that the frequencies of
myeloid dendritic cell precursors (defined as CD3™, CD19™,
CD56,CD14~,CD16~,CD11c", and HLA-DR™) are similar
in NP and LJP peripheral blood. Alternatively, the differenti-
ation of monocytes into MDDC in LJP subjects may be a
consequence of the microbial insults associated with the dis-
ease. However, the fact that a propensity to differentiate into
MDDC is observed in monocytes derived from LJP subjects
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FIG. 5. Selective induction of IgG2 by MDDC. NP T and B cells
were cultured with PWM in the presence or absence of 200 or 2,000
MDDC for 7 days. Culture supernatants were harvested and screened
for the presence of IgG1 and IgG2 as outlined in Materials and Meth-
ods. Each symbol represents data obtained with cells from an individ-
ual subject. Five subjects were studied. The line connects the means for
the five determinations at each dose. (A) IgG2; (B) IgG1. Addition of
2,000 MDDC induced significantly higher levels of IgG2 (1.1 = 0.1
pg/ml for T and B cells alone versus 2.2 = 0.3 pg/ml for T and B cells
cultured with 2,000 MDDC; P < 0.02).

whose disease is apparently inactive argues against this possi-
bility. Perhaps the most attractive hypothesis for the skewing of
monocyte differentiation in LJP subjects is that this process is
controlled by one or more of the genes that are associated with
the disease. For example, there is precedence for association of
early-onset periodontitis with polymorphisms in cytokine genes
(12, 16). Cytokine levels and/or the response of monocytes to
cytokines, in turn, may be under control of the genes that are
associated with LJP. We are currently conducting experiments
to determine the mechanism of induction of MDDC in LJP
subjects.

In previous studies, we have demonstrated that IgG2 is se-
lectively induced by LJP monocytes and their secretions (18,
38). Interestingly, MDDC generated with IL-4 and GM-CSF
had similar effects on the production of IgG2, suggesting that
the differentiation of LJP monocytes into this phenotype has
important implications for the production of IgG2. There are
several potential roles for MDDC in the production of IgG2.
Immature MDDC express high levels of class II major histo-
compatibility complex (MHC) proteins and costimulatory mol-
ecules and hence are very potent antigen-presenting cells (1)
(9). In addition, MDDC express a variety of pattern recogni-
tion receptors and hence are well adapted for uptake and
processing of oral pathogens, such as P. gingivalis and A. acti-
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nomycetemcomitans (1, 9). In this study, we demonstrated that
the MDDC induce IgG2 in a PWM-driven system, and this
suggests that MDDC also have antigen-independent effects on
the production of IgG2. Among these is the production of
cytokines that might skew the antibody response towards IgG2.
Several lines of evidence suggest that IgG2 production is de-
pendent on gamma interferon, a Thl cytokine (19, 20), and
MDDC are known to secrete at least two cytokines that induce
the Thl response, IL-12 and IL-18 (6) (14, 21). Our prelimi-
nary experiments indicated that neutralizing antibodies against
IL-12 and IL-18 reduce PWM-stimulated IgG2 production,
suggesting that the MDDC-derived cytokines are indeed in-
volved in IgG2 production. We have also demonstrated that
PWM-stimulated IgG2 production is absolutely dependent on
the lipid cytokines PGE, and platelet-activating factor (PAF)
and that PAF acts upstream of PGE, by binding to receptors
on LJP monocytes (18). Recent experiments have indicated
that the phospholipase that catabolizes PAF, PAF acetylhydro-
lase, is expressed at much lower levels in MDDC than in
macrophages (S. Al-Darmaki et al., unpublished data). Thus,
higher levels of PAF should be available in cultures containing
LJP monocytes (which differentiate into both macrophages
and MDDC) than in cultures containing NP monocytes (which
primarily differentiate into macrophages), and this should re-
sult in higher levels of IgG2 production. Together, these stud-
ies suggest that LJP monocytes differentiate into a cell type
that is uniquely adapted for inducing IgG2.

Induction of IgG2 is just one of the unique adaptations of
MDDOC that allow them to drive the immune response against
the oral pathogens that are associated with periodontal dis-
ease. These organisms (P. gingivalis and A. actinomycetemcomi-
tans, for example) express a variety of cell surface carbohy-
drates, and much of the antibody response is directed against
these structures (3, 4, 36). Cell surface oligosaccharides also
facilitate the phagocytosis of oral bacteria by antigen-present-
ing cells, such as macrophages and immature MDDC. MDDC
are especially well suited for the uptake of oral bacteria as they
express a family of pattern recognition receptors that recognize
microbial carbohydrates (1, 9). Indeed, Cutler et al. have re-
cently demonstrated that P. gingivalis is readily phagocytosed
by immature dendritic cells both in vitro and in vivo and that
uptake of P. gingivalis induces dendritic cell maturation (8).
Thus, immature MDDC readily engulf the oral bacteria, pro-
cess antigenic peptides, and load these molecules onto MHC
proteins. As MDDC express high levels of MHC class II pro-
teins and costimulatory molecules, they are highly efficient in
the presentation of oral pathogen antigens to T cells (1, 9). As
noted above, MDDC also produce or facilitate the accumula-
tion of the Thl-associated cytokines that are essential for the
production of IgG2 (6, 14, 21). Much of the IgG2 response is
directed against carbohydrates (3, 4, 36), the very structures
that are highly expressed on the surfaces of oral pathogens and
initiate the uptake of these organisms by antigen-presenting
cells. The IgG2 subclass of antibodies can activate the alterna-
tive pathway of complement, and IgG2 is an effective opsonin
when it is paired with the H131 allotype of FcyRII (33, 34).
Thus, the MDDC that arise from LJP monocytes promote the
production of a subclass of antibody that is uniquely suited to
facilitate the immune response against oral pathogens. The
utility of this response is underscored by the observation that
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the severity of LJP is inversely correlated with the levels of
IgG2 antibody (2).

Together, these data suggest that the differentiation of LJP
monocytes into MDDC is an adaptation that promotes a pro-
tective immune response that facilitates the destruction and
clearance of oral pathogens. However, as MDDC-derived cy-
tokines are also associated with the induction of Th1 cytokines,
such as gamma interferon, and the inflammatory response,
these cells also contribute to the pathology that is associated
with LJP and other periodontal diseases. Hence, it is likely that
the clinical impact of the MDDC is a balance between the
destructive effects of inflammation and the protective effects of
anti-carbohydrate IgG2. A clearer understanding of the main-
tenance of this balance and the factors that affect it may lead
to more effective treatments for severe periodontal diseases
like LJP.
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